Examination of some previously isolated bile acid-utilizing Pseudomonas strains showed that Pseudomonas sp. ATCC 31752, together with other fluorescent strains, can be assigned to Pseudomonas putida biotype B, whereas Pseudomonas sp. ATCC 31753, like most other nonfluorescent strains, is an unrecognized phenotype.
The aerobic catabolism of bile acids by Pseuidontionias spp.
has been the subject of several recent reports (1, 2, 5-11, 14, 15), which have largely been concerned with the isolation and identification of bile acid c4tabolites. From the results of these studies, it was possible to construct a catabolic pathway for the degradation of bile acids. The likely pathway for the degradation of cholic acid is shown in Fig. 1 . We are interested in developing an efficient bioconversion of bile acids to steroid drug intermediates, and the parameters influencing the growth of the5e Pseiudoionaos spp. and their catabolism of bile acids must be known. The isolation of a large number of microorganisms (mainly Pseiudoinonas spp.) capable of utilizing bile acids as a sole carbon source has been reported previously (9) . One isolate, Pseludomnonatis sp. ATCC 31752, was found to accumulate 7ao,12,3-dihydroxy-1,4-androstadiene-3,17-dione (dihydroxy ADD) (XIII, Fig.  1 ) during growth on glycocholic acid in a shake flask. It has also been found (11) that dihydroxy ADD is obtained in high yield when Pseiudornonas sp. ATCC 31752 is grown on cattle bile in a fermentor with severely restricted aeration. Another isolate, Psetidomnonas sp. ATCC 31753 (previously known as strain MR108), did not accumulate as much dihydroxy ADD on glycocholic acid in shake flask culture (9) , nor did it accumulate the analogous 123-hydroxy-1,4-androstadiene-3,17-dione (hydroxy ADD) to the corresponding extent when grown on deoxycholic acid in a fermentor (5, 6) .
In the present study, we carried out taxonomic tests to differentiate the bile acid-utilizing Pseludoiono(as strains. Also, further studies on the growth of both Pseiudcomonias spp. ATCC 31752 and ATCC 31753 in a fermentor with c.holic acid as sole carbon source were carried out. In particular, the role of limited aeration was evaluated for its influence on the yield and rate of formation and subsequent utilization of the various cholic acid catabolites.
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MATERIALS AND METHODS
Chemicals. The bile acid catabolites are referred to by the following abbreviations for their IUPAC names (structures of these compounds are shown in Fig. 1 ): V, 3a,7co,12a-trihydroxy-53-pregnane-20ox-carboxylic acid; II, 7co,12cx-dihydroxy-3-oxo-53-cholanic acid; IV, 7a,12ax-dihydroxy-3-oxo-4-cholenic acid; VIII, 7x, 12o.-dihydroxy-3-oxo-1,4-choladienic acid; VI, 7ox,12x-dihydroxy-3-oxo-4-pregnene20o-carboxylic acid; IX, 7ox,12cx-dihydroxy-3-oxo-1,4-pregnadiene-20u-carboxylic acid; dihydroxy AD, 7cx,12p-dihydroxy-4-androstene-3,17-dione (XI , Fig. 1 ); dihydroxy ADD, 7cx,123-dihydroxy-1,4-androstadiene-3,17-dione (XIII , Fig. 1) ; secophenol from cholic acid, 3,7,123-trihydroxy-9,10-seco-1,3,5(10)-androstatriene-9,17-dione (XV, Fig. 1 ).
The bile acid catabolites employed here were isolated previously in this laboratory from bile acid fermentations and were of greater' than 95% purity, as determined by highpressure liquid chromatographic (HPLC) and thin-layer chromatographic (TLC) analyses. Silicon antifoam A was from Dow Corning, cholic acid was from Sigma Chemical Co., HPLC solvents were from Waters Associates. and other chemicals were obtained from Ajax Chemicals, Sydney, and were of analytical reagent grade. Dioxane for TLC was redistilled before use.
Pseuidornonas ATCC 31752 and ATCC 31753 have been described previously (6, 9) . Their cultivation and propagation for this series of experiments utilized media containing 2 g of sodium cholate liter-' as the carbon source in a mineral salts medium at pH 7.0 and 0.1% yeast extract-(Difco Laboratories).
Taxonomic tests were carried out by the procedures described by Shaw and Latty (12) (9) , and the bile acid catabolism of each has been investigated (5-9, 11). A series of taxonomic tests was carried out in an attempt to assign these strains to recognized phenotypes. The tests employed were largely selected from those utilized by Shaw and Latty (12) in their study on Pseiudomonas strains isolated from spoiled meat, since these isolates were from a related source. Pseiudomonas sp. ATCC 31752 and eight other typical Pseiudoinonas isolates were found to produce fluorescent pigments when grown on medium B described by King et al. (4) . When the ATCC 31752 isolate was grown at 25°C in liquid medium, the flagellae w\ere found to be predominantly polar monotrichous. whereas if they were grown at 10(C. the temperature used by Stanier et al. (13) . the flagellae were predominantly multitrichous. The results of these and other taxonomic tests are summarized in Table 1 Fig. 2 . Culture samples were taken at 2-h intervals, and the steroidal components adsorbed in a Sep-pak cartridge (Waters Associates) and then eluted in methanol. The OD240 of UV-absorbing components of the methanol extract was measured, and an HPLC estimation was made of the amount of both unchanged cholic acid and some of the known catabolites (Fig. 2) .
The data in Fig. 2 show that the dissolved oxygen was always greater than 50% of the saturation value, reaching a minimum (61% of saturation) at 23 h. At this time, the viable cell count was close to its maximum value at 5 x 108 cells ml-', whereas the cholic acid was almost exhausted and the concentration of the dihydroxy ADD and the OD1240 were at their maximum values. The acidic cholic acid catabolites II, VI, etc., reached their maximum concentration (<0.05 mg-t mlt-of the culture) between 20 and 22 h and disappeared by 28 h. Dihydroxy AD, the first neutral catabolite (XI, Fig. 1 ), always had a lower concentration than dihydroxy ADD and disappeared at 28 h. Dihydroxy ADD was the only steroidal catabolite found by HPLC analysis between 28 and 48 h. TLC analysis confirmed the absence of other catabolites during this period. The fermentor run was terminated at 50 h, as steroidal catabolites could no longer be detected and the dissolved oxygen returned to its saturation value, which indicated the exhaustion of all carbon sources. Repeat experiments gave similar results with either Pseudomonas sp. ATCC 31753 or P. putida ATCC 31752.
(ii) Lower aeration rate. The accumulation of dihydroxy ADD at the higher aeration rate was considerably lower than in the previous experiments (9), in which bile solids were used as the carbon source and the aeration rate was approximately 6 ml min-liter . Consequently, we elected to use the minimum aeration rate that could reasonably be employed to determine whether a higher accumulation of dihydroxy ADD resulted. In addition to the data collected in the previous experiment, the concentration of oxygen in the exhaust gas from the fermentor was measured with a paramagnetic oxygen analyzer to determine whether complete Fig. 3 and 4 . The changing dissolved oxygen and exhaust air oxygen concentrations were found to give a more useful indication of cell growth staItus at this low aeration rate than did cell turbidity values. As expected in ain efficient termentor, there wvas a close relationship between the amount ot dissolved oxygen in the culture and the exhaust air oxygen. The raipid increase in these vailues observed after 54 h indicated exhaustion of the carbon soul-ce. and the exper-iment was terminated when this Was confirmed by HPLC analysis. HPLC analyses indicate that individual acidic steroid catabolites do not aIccumulate to 0. 1 g liter Oft culture at any stage and are not shown in Fig. 3 . These acidic catabolites reached their maximum concentrations between 26 and 32 h (e.g.. VIII. 0.05 g liter ait 30 h) and disappeared by 34 h. as seen by both HPLC and TLC. The lower aeration rate caLused a longer lag phase in utilization ot cholic acid than at the higher aeration rate (Fig. 2) . but otherwise, the changes wer-e similir. A similar comparison of the OD.240 valuies showvs that a much larger increase in concentration of UVabsorbing catabolites occurred at the low,aeration rate. The data in Fig. 3 indicate thcat the catabolites dihydroxy ADD and dihydroxy AD were the most significant contributors to the OD240 values after 28 h. At 33 h. when the OD2401 for low aeration was at a maximum. dihydroxv ADD compr-ised about 50%()& of the total steroids and dihydroxv AD comprised 40%-W (Fig. 3) . At 38 h. when dihydroxy AD) w\as at its maximum. it comprised nearly 90%/i ot the steroidal components (ca. 1.3 mg ml' of culture). The only other catabolite of significance at this time wvas a secophenol (XV. Fig. 1 ). an additional catabolite of dihydroxy ADD (unpublished data). which wvas not a significant catabolite when the higher aeration rate was employed.
Ihe data obtained when P.cvedomotias sp. ATCC 31753 was grown on cholic acid at the low aeration rate are summarized in Fig. 4 . The red pigment appeared after the dissolved oxygen concentration dropped to its minimum value in the same \wXay as occul-red with P. piutila ATICC 31752. The pattern of catabolism and subsequent utilizaition of catabolites by Pseuldomonas sp. ATCC 31753 wcas largely indistinguishable from that of P. pitticla ATlCC 31752. both qualitatively cand quCantitatively. except tor a 6-h difference in time which could be atttributed to a longer lag phase for P. pittid(l ATFCC 31752. At 32 h. the maximum concentration ot dihydroxy ADD was almost 1.4 mg ml ot culture, alnd it comprised >90%( of the total ster-oid concentrations. DISCUSSION The strains examined here and described in our earlier report (9) bear only a slight taixonomic relationship to the meait spoilage strains described by Shaw and Latty (12) . even though our stratins were isolated from a meat processing plant. The lack ot'a clear relationship between Ps,eu(domiionas sp. ATCC 31753 and any of the phenotypes recognized previously (3) (Fig. 1) accumulated only to a very small extent and for a short time, unlike the neutral catabolites dihydroxy AD and dihydroxy ADD.
(ii) Lower aeration rate. The use of a low aeration rate in growth of P. puitida ATCC 31752 on bile solids (9, 11) was based on the assumption that by restricting aeration, and hence the availability of oxygen, the further utilization of the bile acid catabolites would be inhibited, particularly those in which further catabolism required molecular oxygen.
The data on growth of P. puittitli ATCC 31752 and Pseud(loi)nioais sp. ATCC 31753 show that air limitation had no great effect on the growth rate or the rate of catabolism of cholic acid. This indicates that the initial catabolic steps are not highly dependent on oxygen. The data on formation and utilization of the various cholic acid catabolites demonstrate clearly that the major difference between low and high aeration rates is in the greater accumulation of dihydroxy ADD and, to a lesser extent. dihydroxy AD when oxygen is greatly limited. The dihydroxy ADD present in the fermentor culture at the period of maximum concentration for either P. pi/tiCit( or Pseiudlotinonu(is sp. ATCC 31753 growths at 5 ml of air min' liter' comprised about 90% of the extractible products at a concentration of 1.3 to 1.4 mg ml-'. This represents about 60 to 65% of the amount which could theoretically be obtained by catabolism of the cholic acid, even though some of the cholic acid was used to provide carbon and energy for growth and respiration of the cells. Another significant effect of the reduced aeration rate was the appearance of the secophenol (XV. Fig. 1) , which is evidently an additional catabolite of dihydroxy ADD, as seen by its later accumulation and utilization (see Fig. 3 and 4) . The growth of Pseudomonas sp. ATCC 31753 on deoxycholic acid produced an analogous secophenol [3,12-dihydroxy-9.10-seco-1,3.5(10)-androstatriene-9.17-dione] (6) .
The appearance of the red pigment when bile acids are used as carbon sources is clearly a consequence of the low aeration rate. The pigment is thought to arise as a consequence of the accumulation of an additional catabolite of the secophenol and is the subject of another report.
A consideration of the pathway proposed for the catabolism of cholic acid by Pseu(lonIonas spp. (Fig. 1) indicates that 9ox-hydroxylation of dihydroxy ADD (XIV. Fig. 1) is the first reaction which should be directly oxygen dependent. We postulate that as the cells obtain energy from the degradation of the cholic acid side chain in the catabolic steps, which leads to the production of dihydroxy ADD (Fig.  1) , the continuing production of that catabolite is favored. However, insufficient oxygen is available to convert all of the dihydroxy ADD to the secophenol and accumulation results. OD1411 of a culture extract, and concentration of cholic acid and some of its catabolites (as described in the legend to Fig. 3 ) during a fermentor growth of Pseiudoinolntas sp. ATCC 31753 in 2.5 g of cholic acid liter '. Otherwise. the operating conditions were as described in the legend to Fig. 3 . with an aeration rate of 5 ml min liter '.
late 12g3-hydroxy-1,4-androstadiene-3,17-dione (hydroxy ADD) compounds in fermentor culture at low aeration may be a general property of bile acid-utilizing Pseudloinonas
Spp. The large accumulation of dihydroxy ADD resulting from the use of a low aeration rate supports our belief that such a fermentation of bile acids could form the basis of a useful bioconversion process if an economic use could be found for the resulting hydroxy ADD compounds in the production of corticosteroid or other drugs. The steroid catabolites hydroxy ADD (from deoxycholic acid) and dihydroxy ADD are potentially useful intermediates for the production of 17o-propynyl-113,17-dihydroxyandrostane derivatives, which have been shown to have a potent glucocorticoid action with reduced side effects (16) .
